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CHAPTER I 
INTRODUCTION 
Significance of the Study 
The desire to excel has motivated athletes toward excellence 
for ages. "Swifter, higher, stronger"- is not only the· Olympic 
motto but also the goal of many an_athlete and coach. It is this 
concern for maximal physical achievement that has led to the use of 
scientific approaches in the training of athletes. A barrier to 
the fulfillment of this goal of athleti� excellence, however, is 
fatigue. Coaches striving to attain optimal athletic performance 
are interested, therefore, in minimizing the effects of fatigue. 
One factor which contributes to fatigue is tissue dehydration. 
Saltin (1964a) and others (Fordtran and Saltin, 1967; Olsson and 
Saltin, 1971; Costill and Saltin, 1974) have demonstrated that water 
and salt loss in sweat is a major cause of fatigue and decreased 
performance. Saltin further observed that an individual's physical 
performance capacity was significantly reduced through e xe rcise 
induced dehydration over that caused by thermal dehydration. These 
characteristics are of concern to individuals in ba�ketball as the 
demands of this sport often result in hea\,y perspiration. Mathews 
and Fox (1971) state that to retard the onset of fatigue due to 
fluid loss and maintain performance at optimal levels, dehydration' 
must be minimized through adequate hydration. 
At present, despite the extensive volume of literature 
amassed in the general area of dehydration, research relative to 
the effects of fluid losses incurred through participation in 
competitive basketball is limited. The relationship between 
dehydration and characteristics required for performance in basket­
ball, such as shooting, agility, and power have been.largely 
uninvestigated. Consequently, an investigation was undertaken to 
determine whether the level of dehydration as determined by weight 
loss elicited by participat ion in competitive basketball might 
influence performance of selected basketball related skills. 
Statement of the Problem 
The purpose of this study was to investigate the effects of 
participation in competitive basketball on fluid loss as measured 
through change in weight and selected measures of basketball 
related skills. 
Hypotheses 
The following hypotheses were investigated& 
1. It was hypothesized that there would be no significant 
change in weight through fluid loss as a result of participation in 
competitive basketball. 
2. It was hypothesized that there would be no significant 
difference between pre- and post-test mean performance scores for 
all subjects in the basketball related skills of shooting, power, 
.and agility as a result of participation in competitive basketball. 
2 
Scope 
This experiment was conducted at South Dakota State 
University , Brookings , South Dakota , during the spring semester of 
1979. The subjects in this study were 18 male volunteers partici­
pating in either the 1979 South Dakota State University intramural 
or inter collegiate basketball programs . Ten of the subjects were 
intramural participants while the remaining eight were. participants 
on the South Dakota State Universi�y intercollegiate basketball 
J 
team . All testing was· performed in the Physical Education. Center 
(PEC ) on the South Dakota State University' campus . Prior to data 
gathering subjects were given an orientation to the experimental 
procedures. The age , height , weight and percent body fat of  each 
subject were recorded . All testing occurred on the main floor of  
Frost Arena in  the PEC . Performance tests admini stered were designed 
to measure basketball ability in the following areas: (1)  shooting , 
(2) power , and (J) agility. 
The ability to shoot long and short shots was measured with 
the LSU Long and Short Shooting Test as devised by Nelson (Johnson 
and Nelson , 1971) , while power measures were ascertained by the 
Power Jump Test . Agility was evaluated through the use of  a 
modification of Lehsten's Dodging Run. (Lehsten, 1948) Anthro­
pometric data were obtained prior to activity while the pre-test 
items were administered 5-10 minutes prior to each subject ' s  
participation . Immediately upon completion of three 12 minute 
· scrimmages each subject was retested and weighed. 
Limi tations 
In conduc ting thi s study the fo llowing limitations were 
recognized: 
L Data colle ction was limited to two sessions . 
2 .  No attempt was made to control the mo tivation of the 
subj ects . 
J .  The basketball traits measured were limited
. 
to shoo ti ng, 
power, and agi lity . 
4 
4 .  The study was l imited to ten male vo lunteers who r egularly 
participated in the South Dako ta State Universi ty intramural 
basketball program and eight members of the men's interscho lastic 
basketball team . 
5 .  Subjects were given the opportunity to demonstrate 
o ptimal performance by repeating a trial in the agility test . 
Definition of Terms 
The fo llowing terms have been defined for specific use in 
this study, as fo llows: 
Agility. Agility i s  the ability to rapidly change body 
po si tion and d irections while dribbling a basketballG 
Dehydration .  Dehydration is the condition o f  fatigue that 
results from the lo ss of body fluids as measured by decrease in 
· weight . 
Erogenic Aids. Erogenic aid s are "substances and phenomena 
which elevate performance s above normal expectations . " (Greenleaf 
and Sargent, 1965) 
Exercise induced dehydration . Exercise induced dehydration 
is weight loss through sweat loss as stimulated by exercise .  
{Costill , 1972) 
Fatigue . Fatigue is  a state of decreased efficiency and 
thus impaired performance as a result of exercise induced dehy­
dration . 
Power . Power is  " • • •  the ab_�li ty to release -maximum 
force in the fastest possible time . "  (Johnson and Nelson , 1971) 
Thermal induced dehydration . Thermal induced dehydration 
is weight loss due to "inactive exposure to a hot environment . "  
(Costill and Sparks, 1973) 
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CHAPTER II 
REVIEW OF RELATED LITERATURE 
The purpose of this study was to investigate the effects of 
participation in competitive basketball on fluid loss ·as measured 
by change in weight , and upon selected _factors related .to basket-
ball playing ability . The review.of the related literature 
constitutes an investigation into the following areas : ( 1) effects 
oi dehydration , and (2) selected factors related to basketball 
playing ability . 
Effects of Dehydration 
Selected studies were reviewed which investigated the effects 
of dehydration on physical work capacity and motor fitness .• 
Ph,ysical Work Capacity . Researchers are generally agreed 
that excessive water and electrolyte losses in perspiration are 
factors causing fatigue and impaired performance in severe prolonged 
exercise . The levels of dehydration and corresponding reduction in 
performance, however , are not as widely agreed upon . Several 
studies have indicated that dehydration. leading to a loss of five 
percent of body weight lowers man's working capacity (Buskirk 
0 
· et al . ,  1958; Astrand and Saltin , 1964; Ribisl and Herbert , 1971) 
Palmer ( 1967) reported that an individual who had incurred a 4.75% 
weight reduction experienced a decrease in physiological performance . 
He stated that the body cannot recover from exercise as rapidly 
when dehydrated as it can when normally hydrated. Blyth and Burt 
(1961) found a significant reduction in work performance following 
dehydration of three percent. They further stated that athletes 
performing in hot and humid environments frequently lose three to 
seven percent of body weight during an athletic contest. They 
concluded that this could lead to an iIODlediate reduction in 
physiological efficiency. Olsson· and Saltin (1971) revealed that 
a reduction in working capacity is noticed when as little as one 
percent of body weight is lost. This is an· amount of water that 
can be lost at 20 degrees Centigrade in JO minutes of hard work. 
Although the minimum level of dehydration necessary for 
impaired performance has not been determined, researchers agree 
that it can influence work capacity. Adolph (1947) found during 
his study in the desert that dehydration limits man's ability to 
work largely through impaired cardiovascular function· Olsson 
? 
and Saltin (1971) reported that an individual's physical performance 
capacity is primarily restricted by the ability to transport and 
utilize oxygen. This applies when large muscle groups are activated 
continuously for more than a few minutes. Ribisl and Herbert 
(1971) concurred with this finding when they reported that 
. significant declines in performance following dehydration can be 
attributed in part to reduced cardiovascular efficiency. Dehydration 
that causes any reduction in the extracellular fluid (ECF) will 
impair the circulatory system's functioning in transporting 
8 
nutrients to active tissues, removing metabolic waste materials, 
and transporting heat from active tissues to the surface. 
Circulatory response to dehydration appears to depend on 
the method used to promote sweating. It. has been observed that after 
a given sweat loss due to exercise the physical work capacity is 
reduqed to a greater degree than when a thermal heat load causes the 
0 . 
sweating. (Astrand and Saltin, 1964; Saltin, 1964a) Thermal 
dehydration results in a d.ecrease.of plasma and interstitial fluid 
volumes, while exercise dehydration significantly decreases intra-
cellular fluid (ICF) volume without altering blood fluid. Olsson 
and Saltin (1971) explained that water and electrolytes for the 
production of sweat by sweat glands come primarily from extracellular 
sources, and that even if total body water declines through work, : 
the level of plasma water, an extracellular source, is retained. 
Accordingly, water losses are replenished through intracellular 
dehydration, since perspiration is strongly hypotonic and extra-
cellular water tends to become hypertonic. Although the different 
results due to thermal and exercise induced dehydration are not 
completely understood, it appears that the ability of the circulatory 
system to function efficiently may depend largely on the type of 
dehydration. 
In a two month test, with ten men of marked differences in 
physical fitness, Saltin (1964a) attempted to determine the effects 
of thermal, metabolic, and combined dehydration upon aerobic and 
anaerobic work capacity. Subjects were tested at two work loads, 
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one at forty-five percent  of aerobic work capacity and the other at 
seventy-four percent . Each subject was periodically tested to 
determine whether the desired level of dehydration had been attained . 
At this point the treatment was discont�nued . The dehydration 
period was followed by 1 . 5  hours of rest , after which performance 
analysis began on a Krogh bicycle ergometer. 
Sa.ltin found an increase in hea:rt rate , a decrease in blood 
lactate , and no significant change in oxygen uptake during the 
subjects' first submaximal work bout following dehydration . · At  
seventy-four percent of maximal work the subjects showed no  signif­
i cant changes in oxygen uptake and heart rate when compared with 
various forms of dehydration . Saltin found that as the severity 
of the exercise increased , the subjects' stroke volume , heart rate , 
and cardiac output approached normal maximum measurements prior to 
dehydration . Exercise dehydration , however , resulted in a marked 
decrease in physical work capacity when compared to thermal 
dehydration . The decrease in the subjects' ability to perform 
exhaustive exercise following dehydration with corresponding 
lowered levels of blood lactate and no observed change in maximal 
ability to consume oxygen led Costill to suggest that dehydration 
impai�s lactate production and therefore the ability to perform 
anaerobic work. Saltin , however , suggested that because exercises 
were interrupted in order to keep work times at approximately 
equal duration it was impossible to say whether or not the reduction 
in work capacity following dehydration depended on a decreased 
capacity for anaerobic work. 
Sproles' (1976) findings supported those of Saltin. In an 
experiment to determine circulatory responses to submaximal 
exercise after dehydration and rehydration, Sproles found that 
oxygen consumption remained relatively constant throughout 
dehydration. Additionally, he found that cardiac outp�t decreased 
10  
.5  liters per minute at submaximal work with heart rate significantly 
increased at both J.? and 6.8 percent dehydration levels. A 
significant decrease in stroke volume was observed at the 6.8fo 
level of dehydration. 
These results are not without opposition. Bock et al. (1967) 
researched the effects of acute dehydration µpon cardiorespiratory 
endurance and found that dehydration up to J.8.percent over a 40-hour 
period did not significantly affect maximum oxygen uptake, (vo2Max ) 
exercise heart rate, or core temperature. Seven of ten subjects, 
however, experienced a decrease in maximal oxygen uptake following 
fluid loss. Although not significant, this was viewed as a trend 
toward decreased maximal oxygen uptake capacity. Pitts et al. 
(1944) conducted treadmill experiments with trained athletes to 
determine the effects of withholding water during work. The work 
bouts occurred at various degrees of incline at a rate of three and 
one-half miles per hour for a six hour period. These investigations. 
concluded that when water is withheld, rectal temperatures and pulse 
rates rise to uncomfortable levels, sweating decreases steadily, 
11 
and mechanical efficiency declines as evidenced by increased oxygen 
consu.'llption. Altoough it is unclear as to why the difference 
exists, one possible explanation was s�gested by Greenleaf and 
Sargent (1965) who reported that dehydrated subjects are more 
irritable and less relaxed than those who are hydrated, and any 
increased irritability could contribute to an increase in oxygen 
consumption. 
Allen et al. (1977) investig�ted the effects of a four to five 
percent w�ight loss on the cardiovascular dynamics of high school 
wrestlers. Allen et al. measured cardiac output, heart rate , stroke 
volume, and arteriovenous oxygen difference in 16 high school 
wrestlers during submaximal work (65% vo2Max) at normal weight and 
after a four or five percent weight loss. Weight losses were 
accomplished over 48 hours by fluid and food restriction as well as 
through intermittent exercise. They found significantly higher . heart 
rates and lower stroke volumes during exercise. Although cardiac 
output was 7.8 percent lower and arteriovenous oxygen was 7.6 percent 
higher, the changes were not statistically significant. 
Dehydration affects many physiological aspects in man. In 
addition to effects on the circulatory system, Adolph (1947) demon-
strated that moderate exercise caused rectal temperatures· to increase 
·from 0 . 35-0 . 55 Celsius degrees for each percent of body weight lost 
through sweating. The findings of Sal tin ( 1964a ) supported this 
concept as he reported an inability to dissipate heat because of 
dehydration. Costill (1972) reported that under conditions of heat 
stress and/or prolonged muscular activity, dehydration may impair 
performance by limiting one's capacity to dissipate body heat. 
Training appears to influence the effect of dehydration. 
12 
Blyth and Burt (1961) have shown that athletes experience a smaller ,, 
decline in work capacity under equal conditions of dehydration than 
do non-athletes. Buskirk et  al. (1958) found that work performance 
· during dehydration was enhanced by physical conditioning. They 
further
. 
stated that the altered phy�iological state of a physically 
conditioned athlete (e.g. enlarged respiratory cardiovascular 
reserve ) plays a major role in counteracting the deleterious effects 
of acute dehydration on work performance. According to Kozlowski 
and Saltin (1964) training can also increase the sweat rate of an 
individual. These findings were supported by Cook and others (1969) 
who reported that measures of fluid volumes of college athlete� and 
non-athletes revealed that athletes have higher extracellular fluid 
volumes and total body water than non-athletes. This higher volume 
may contribute to the athletes' improved abilities to adjust to 
varying levels of dehydration . 
In summary, water and electrolyte losses through sweat appear 
to be factors causing fatigue and impaired performance in severe 
prolonged exercise. The relationship between perfo�mance decrement 
. and the magnitude of dehydration, . however� is unclear. The find­
ings of studies concerning physiological changes due to fluid loss 
are also inconclusive. Several writers, however, indicate that. 
oxygen consumption abilities remain unchanged, rectal temperatures 
increase and heat dissipation decreases following dehydration . It 
is also generally agreed that training enables athletes to more 
effectively adjust to dehydration. 
lJ 
Motor Fitness. Several researchers have examined the effects 
of dehydration on components of motor fitness. The effect of 
dehydration on performance•· however , may be specific to a given 
sports skill. (Costill, 1972) 
Tuttle (1943 ) examined 18 responses to assess neuromuscular, 
cardiovascular , and respiratory responses before and after weight 
loss in five wrestlers. Weight losses between J.6 and 4 . 9  percent of 
body weight were achieved as a result of both water depletion and 
reduction of caloric intake. Strength , accuracy of movement, 
reaction time and steadiness of movemerit were the variables tested. 
Strength was measured by standard dynamometers with 
evaluation based on the sum in pounds of the right and left hand 
grip , chest pull and push , and back and leg strength. Accuracy of 
movement was gauged by the success a subject had in moving a stylus 
between two brass plates which gradually converged. Subjects were 
required to press a key in response to the presentation of a 
flashing light. This served as the measuring of reaction time. 
Steadiness of movement was scaled by the ability to pierce holes of 
. gradually decreasing diameters with a stylus , with the final score 
being determined by the smallest hole an individual was able to 
pierce without touching the sides. In order to determine range 
and mean scores, the subjects performed each experiment f�ve times 
��3027 SOUTH DAKOTA STATE UNIVERSITY LIBRARY / 
on different days over a period of a month, with each experiment 
being repeated immediately after weight loss. 
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Tuttle concluded that wrestlers may safely lose up to five 
percent of body weight . without demonstrating poorer performance. His. 
findings indicated that weight loss did not significantly affect 
strength, accuracy of movement, steadiness of movement, or reaction 
time� 
Singer and Weise (1968) reported similar results following 
their study of 18 anthropometric, physical, and performance measures. 
The subjects consisted of ten members of the Illinois State 
University wrestling team, wtx:> were tested over a five day period. 
A cable tensiometer was used to measure the strength of the 
following muscle groupsa elbow flexors, knee flexors, and hip 
flexors. Reaction time consisted of an evaluation of the speed 
with which a wrestler could perform the sit-out maneuver from the 
referee's position. In comparing scores prior to and following 
dehydration, it was observed that rapid weight loss of up to seven 
percent did not significantly affect· strength. 
The findings of investigations designed to determine the 
significance of dehydration on muscular performance are inconclusive. 
Doscher (1944) found +hat muscular endurance as measured by push -ups, 
p�ll-ups and performance on a hand dyna.mometer, was unaffected by 
dehydration levels of up to seven percent of body weight. Craig and 
Cummings (1966), however, found that muscular endurance on a tread­
mill test was significantly impaired after dehydration amounting to 
15 
4.J percent of body weight. Saltin (1964a) investigated the effect of 
acute dehydration (3.8 percent of body weight ) induced by. heat and 
exercise upon maximal isometric strength. I t  was found that maximal 
isometric strength was not decreased by dehydration, causing Saltin 
to hypothesize that neither the impulse transmission to the muscle 
nor the muscle's ability to respond undergoes any great change during 
dehydration . Morgan (1970) concurred with these findings when he 
reported that neither ergogenic nor harmful psychological effects 
were observed in wrestlers following a weight loss of four percent. 
The consensus from these investigations is  that weight losses 
of five to seven percent do not substantially impair strength , 
accuracy , and steadiness of movement , or reaction time. Re search 
does suggest, however , that muscular endurance may be impaired 
following dehydration when cardiovascular performance. i s  invo lved. 
Selected Factors Related to 
Basketball Playin� Ability 
A review of the literature related to assessment of basket-
ball skills revealed that several player characteristics have been 
measured. Stroup ( 1957) reported that the selection of suitable 
criteria for establishing test validity is a problem in the 
construction of tests for team sports. ·Lehsten ( 1948) observed 
that many coaches frequently ignore tests for team sports because 
of the many intangibles involved in game situations. He further 
suggested that these intangibles become obstacles to the construction 
of more precise basketball tests. In much of the· related literature 
the use of game results as criteria in validating tests has been 
limited largely to individual and dual sports, due to the relative 
16 
'ease of controlling factors in games which involve one or two 
performers. To overcome this difficulty, Stroup ( 1957) used game 
results as criteria for validation of basketball performance tests. 
The relatively high intercorrelation found between basketball test 
items ( Stroup, 1957) has led investiga:tors of basketball skills 
to recommend a battery of five items or less. (Edgren, 1955; 
Lehsten, 1948; Young, 1934) 
Lehsten (1948) attempted to establish a practical test for 
high school boys that would measure their abilities in a variety of 
basketball skills. The original test consisted of eight items. 
The items were given to a high school·boys' physical education class 
during three separate sessions. The subjects were then scheduled 
into squads for basketball games to be observed and rated· by a jury. 
They were observed by a jury of five physical education majors from 
a local college on two successive sessions. A correlation of 
r = . 80 was calculated. between results of the subjective total 
point ratings and the eight item battery. Lehsten decided to select 
the five events with the highest correlations for inclusion in a 
five item battery. The tests included within this battery were: 
(1) Dodging Run , (2) Baskets per minute, (3) Forty Foot Dash, (4) 
Wall Bound, and (5) Vertical Jump. A correlation of r = .97 was 
observed between the results of the original eight item battery and 
. this test of five items. Lehsten concluded that·any of the events 
individually could be adapted as a marking device for basketball 
skills. He recommended that the Dodging Run be given with the 
player running through a prescribed course while dribbling a 
basketball. 
Edgren (1932) conducted a study for two months developing 
tests in the field of moto.r ability and in the specific activity 
of basketball. Through the use of thi�ty subjects in both control 
and experimental groups, along with the data recorded on each 
ind�vidual's actual playing ability, as evaluated by coaches, the 
author recommended the following five item· test for measurement of 
basketball skill: (1) Speed Pass, (2) Accuracy Pass, (3) Speed 
Dribble, (4) Dribble Shoot, and (5) Ball Handling . 
l? 
Stroup (1955) investigated game results as a criterion for 
validating team sports skills. He compared the scores of competing 
teams in 31-ten minute basketball games with the skill score 
averages of the teams. Skill score averages were computed from 
scores on passing, dribbling, and shooting tests . He reported that 
84 percent of the games were won by the team with the higher skill 
score average. 
Stroup (1955) administered a three item battery consisting of 
the following: (1) G�al Shooting, (2) Wall Passing, and (3) Drib­
bling . These tests were administered at the close of the semester to 
121 college freshmen and sophomores . Following the computation of the 
skill scores each subject's value was inserted before his name on a 
· score sheet for each game in which he participated. The results for 
members of each team were averaged and comparisons of competing 
teams were based on the average skill scores and game results. 
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This comparison led Stroup to conclude that the mean derived from 
scores on the three item test were a valid measure of team strength 
in basketball because relative skill scores of competing teams were 
related to the ability to .win ten-minute games. This same 
investigator in a later study ( Stroup� 1957) consisti�g of 101 
college men reported a significant correlation (r = . 81 < .01)  
between a five item battery and basketball ability as determined by 
a jury of experts. The battery consisted of the following: ( 1) 
Diagonal Wall Pass, (2) Jump-and-Reach, (J) Shooting, (4) Passing, 
and ( 5 )  Dribbling. He stated that the five basketball test items 
were a " . • • substantial measure of basketball ability." He 
also recommended seeking items other than big muscle skills that 
are traditionally associated with basketball if more precise 
basketball tests are to be constructed. 
Summary 
From the literature reviewed for this study it appears that 
water and electrolyte losses through sweat are factors causing 
fatigue and impaired performance. Researchers generally agree that 
acute dehydration limits man's ability to work by reducing 
cardiovascular efficiency. 
The degree of this reduction is determined to a large extent 
by the method of dehydration. Exercise induced dehydration as 
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compared to thermal dehydration causes a greater decrease in physical 
work capacity. This impaired performance may or may not be affected· 
by a decreased capacity for anaerobic work. 
The findings of studies concerning the ability to consume 
oxygen following dehydration are inconsistent . Saltin "{1964a), 
Sproles (1976), and Allen et al . (1967) reported that .oxygen con­
sumption remained relatively constant throughout dehydration . 
Bock et al . (1967), however, found a trend toward decreased oxygen 
uptake capacity following fluid loss . In addition, dehydration 
causes an increase in rectal temperature, an inability to dissipate 
heat, increased heart rate, and decreased stroke volume. 
Training improves the ability to adjust to dehydration . When 
compared to non-athletes, athletes show a smaller decrease in working 
capacity with identical levels of dehyd.ration, increased sweat 
rates and larger volumes of extracellular fluids . These character­
istics appear to play a role in counteracting the effects of 
dehydration on work performance. 
Muscular strength appears unaffected by dehydration . 
Investigations have suggested, however, that muscular endurance may 
be impaired when cardiovascular performance is involved . It is 
difficult to apply research findings to physical activities in which 
both muscular and circulatory endurance capabilities affect 
performance, since research appears to indicate that dehydration 
has little or no influence on the former and negatively influences 
·the latter . 
I 
Investigations in literature related to basketball skills 
testing have revealed ·that a battery of five items or less is 
sufficient as a valid measurement of ba�ketball playing ability. 
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It appears, however, that if more accurate tests are to be developed, 
consideration must be given to an incorporation of items which 
involve movements other than those innervated by large muscle groups. 
CHAPTER III 
METHODS AND PROCEDURES 
The purpose of this study was to investigate the effects of 
participation in competitive basketball on fluid loss as measured 
through change in weight, and selected measures of basketball 
related skills. In this chapter t})e procedures employed are 
described in the following sections: (1) Organization of the Study, 
(2 ) Source of the Data, (J) Administration of the Treatment, and 
(4) Collection of the Data. 
Or
_ganiza 
tion of the Study 
Ten members of the South Dakota State University Men's 
intramural basketball program and eight players of the men's 
intercollegiate basketball team volunteered to participate in this 
study. The subjects participated in three twelve minute basketball 
scrimmages in Frost Arena on two separate occasions, February 5 and 
8, 1979· Prior to and immediately following participation, each 
subject was weighed and tested in three basketball related skills. 
The tests included modifications of the followings (1) Dodging 
Run, (2)  Vertical Power Jump, and (J) Shooting. Additional data 
collected involved the measuring of height and skinfolds. Katch 
and McArdle's (1973) calculation of percent of body fat was 
employed through the recording of skinfold measurements with a 
Lange or Harpendon skinfold caliper. 
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Agility measures were obtained through a modification of 
Cozens' Dodging Run. (Jolmson and Nelson, 1971) The ad·justment 
initiated by the present writer involv�d requiring the player to 
cover the prescribed course dribbling a·-basketball rather than just 
running. (Lehsten, 1948) Shooting ability was assessed by using 
a modification of the LSU Long and Short Test. (Johnson and Nelson, 
1971) In the present investigation each subject engaged in shooting 
for a thirty second period rather �ban one minute which was the 
prescribed length of time in the original test. 
As a measuring instrument for the variable of po wer, the 
Vertical Power Jump Test (Johnson and Nelson, 1971) was modified 
in two ways. First, each subject's preliminary reach was measured 
while his heels were in contact with the floor. The second 
modification involved requiring the subject to assume a standing 
position with the knees flexed comfortably rather than in a full 
squat position. These tests were selected as measures which 
characterize basketball playing skills because of their reported 
validity and feasibility. Acceptable coeff�cients of validity 
have been reported for similar test. -1 tems by other investigators. 
(Edgren, 1932; Lehsten, 1948; Stroup, 1955) 
Source of the Data 
The subjects for this study were ten male members of the 
South Dakota State University intramural basketball program and 
eight players of the 1979 men's intercollegiate basketball team. 
• 
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All subjects were volunteers . Physical characteristics of the 
subjects appear in Table I. The mean age was 19 . 4  years with a 
range of 18.5-21 . 0. The overall group mean for height was 182 . 9 
centimeters , with the mean height for the untrained and trained 
groups being recorded at 178 . 8  and 187 . 9  centimeters , respectively . 
A range in mean weight of .74 . J  kilograms for the untrained group 
to 82 . 6 kilograms for the trained group was observed , with an 
overall mean of 78 . 0 kilograms . Mean percent body fat for the 
untrained group was 10.5 percent while the trained group mean was 
9 . 6  percent , with an overall mean of 10 . l  percent . 
Administration of the Treatment 
Treatment for all subjects involved a work bout of thirty-six 
minutes , divided into three equal sessions . The work bout consisted 
of participation in game-like basketball scrimmages . Each subject 
participated during the entire thirty-six minutes as there were no 
substitutions . The ten intramural players (untrained ) were grouped 
according to their intramural teams while the varsity players 
(trained ) were assigned to two equal teams , as selected by members 
of the coaching staff . Teams were comprised of the same members 
for both sessions with the exception of two intercollegiate 
players . These two subjects were unable to participate in the 
second session due to illness . 
The thirty-six minute work bout subdivided into three 
twelve minute scrimmages was designed to simulate a basketball 
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TABLE I 
PHYSICAL CHARACTERISTICS OF SUBJECTS 
Group Age (yrs) Ht (cm ) Wt (kg) % Body Fat 
Untrained x 19. 5  178.8 74.3 10. 5  
N = 10 SD 0.7 8. 5 11.4 . 1.4 
Range 18.5-20.3 166. 5-193. 0 56. 5-99.7 9. 0-13.8 
Trained x 19.3 187 .9 82.6 9.6 
N = 8 SD 0.9 8.9 7. 1 1.1 
Range 18. 5-21. 0 177. 5-199. 5 70. 0-93. 0 8.2-11.7 
Combined x 19.4 182.9 78. 0 10.1 
N = 18 SD 0.8 9.6 10.4 1.3 
· Range 18.)-21. 0 166. 5-199. 5 56 -.5-99 .6 8. 2-lJ.8 
• 
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game with slight modifications .  Th e  games were played on a 
regulation basketball court . Each game was administered by an 
experienced and certified official . S�ores of -the games were kept · 
a.nd announced throughout the contest. All fouls were administered 
as in a normal contest, with two modifications. First, the bonus 
rule was not in effect. Secondly, all two shot fouls were reduced 
to one shot, worth two points. The other modifications involved 
the elimination of time outs, the �equirement that teams employ 
only a man to man defense, and the withholding of liquids. 
Teams were rotated throughout the treatment every 12 minutes 
in the following order: (1) Trained I vs Untrained I and Trained II 
vs Untrained II, (2) Trained I vs Untrained II and Trained II vs 
Untrained I,  and (J) Trained I vs Trained II and Untrained I vs 
Untrained II. There was a one minute rest period between each 
scrimmage , allowing teams to change courts, if necessary, and to 
reorganize .  The three 12 minute sessions assured the four teams 
of playing each team once per session. TI-le total time of thirty­
slx minutes was selected according to the recommendations of Olsson 
a.nd Saltin. ( 1971) They stated that a reduction in working capacity 
is noticed when one percent of body weight is  lost. This amount 
of weight loss is possible during a work bout of thirty minutes at 
a temperature of 20 degrees Centigrade . The extra time was added 
in order to be sure that the demands of a regulation game in 
basketball (J2 minutes ) were sufficiently simulated. 
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Collection of the Data 
Data were collected for each subject on February 5 and 8 ,  
1979 , between the hours of 4 1 J0-61 JO p.m. in the Physical Education 
Center (PEC) on the South Dakota State University campus. Each 
subject 's  height and percent body fat were recorded prior to the 
first contest and re-tested on a separate day. The following 
procedures were used to familiarize the subjects with .the study: 
1 .  Each subject was given a consent form and asked to sign 
it. (Appendix A) 
2 .  An explanation of the purpose of the study was presented 
to all subjects. 
J .  An explanation and demonstration of the tests were  
provided. 
At least thirty minutes before the contest each subject 
reported to the Physical Education Center. He was weighed wearing 
only his gym trunks. Prior to actual testing, each group ( trained 
and untrained) engaged in an individual. stretching program , followed 
by an organized group warm-up. DeVries (1974) stated that muscle 
injury is a possibility when vigorous exercise is not preceded by 
proper warm -up to bring an increase in body temperature. DeVries 
also suggested that while the intensity and duration of warm -up 
must be adjusted to the individual athlete, one may look for signs 
of development of heat fmm within. In a normal environment this 
is indicated by perspiration. Accordingly, basketball drills were 
used for warm-up until perspiration was evident on the forehead of 
each individual . The following drills were used: (1) Full Court 
Lay-Ups ,  (2) Three Man Weave , (3 ) Shooting , and (4) Three on Three . 
For the comparative analysis of the effects of participation 
in competitive basketball on fluid loss. , and selected basketball 
skills ,  data were collected from pre- and post-tests for four 
variables. They included . the following: (1 ) l<eight 1oss, (2) verti� 
cal p0wer jump values ,  {J) d,ribble a.gili ty times and (.4) shooting 
scores. All tests· were conducted using the same procedures and 
sequence. The sequence of tests was as follows: (1) Shooting , 
(�) Dribble Agility ,  and (J )  Vertical Power Jump. Weight was the 
first measure recorded in the pre-test and the last in the post­
test. 
Weight. Subjects were weighed. on a Toledo scale to the 
nearest half pound .  This value, which was conver ted to kilograms ,  
was used to calculate the effect of thirty-six minutes of competitive 
basketball on fluid loss. The subjects were weighed in their gym 
trunks and towel dried for the posi;.-test. (The procedure appears 
in Appendix B.) 
Height. Subjects were measured on a stadiometer to the 
nearest half centimeter. They were measured without shoes and with 
their back against the stadiometer and chin slightly tucked. (Th� 
procedures are presented in Appendix C . ) 
Percent Body Fat . Subjects had percent body fat calculated 
from three skinfold measurements. The three sites were subscapula, 
tricep s ,  and abdomen . Skinfold measurements were · taken from the 
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right side of the body while the subject was standing . The Lange 
and Harpendon skinfold calipers were used for skinfold measurements . 
All folds were taken in a vertical plane with the exception of the 
subscapula location , which required an oblique fold . Katch and 
McArdles ' ( 1973 ) formula was used to calculate percent body fat 
from these skinfold measurements . (Procedures appear in Appendix D.) 
Vertical Power Jump . The subjects were tested .for leg power 
through the use of the vertical power jump . This  test eliminated 
extraneous movements , which in turn reduced the po ssibility of  a 
�earning effect . The test-retest reliability correlation coefficient 
of this test has been reported to be as high as . 98 for college men 
while the validity correlation cocfficic�t has been as high as . 99 .  
(Johnson and Nelson , 1971) 
The subject reported for the test shoeless . He then assumed 
a standing po sition facing sideways to the wall , with his preferred 
arm behind his back and grasping the top of his gym trunks . The 
other arm was raised vertically with the hand turned outward and 
fingers extended . Holding this position , the subject stood as ta l 
as possible with his heels on the floor and the height of the extend­
ed middle finger was recorded to the nearest centimeter . The subject 
began in a crouched position and jumped as high as po ssible using 
only the legs for upward thrust . At the top of his jump the subject 
touched the board and his jump height was noted and recorded to the 
nearest centimeter as described by Johnson and Nelson . ( 1971) 
Each subject was tested three times . The three trials were recorded 
.. 
and the mean was the value representative of the subject ' s  score . 
(The procedures are presented in Appendix E . )  
Dribble Agility Run . The subje�ts were measured for agility 
and dribbling ability with a modification of the Cozens ' Dodging 
Run Test . (Johnson and Nelson , 1971)  The test was administered 
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by having the player travel the prescribed course dibbling a basket­
ball . (Lehsten , 1948) Lehsten reported a validity coefficient of 
.80 when comparing these results w�th those of a panel of experts . 
The test was conducted through a course e leven yards long 
with five obstacles ( chairs) placed in fiv� separate three foot 
lanes . The first obstacle was positioned at the start/finish line 
in lane one , the second in lane two five yards beyond the start . 
Obstacle three was placed two yards beyond the second chair in lane 
four while the fourth obstacle was in lane three an additional two 
yards beyond obstacle three . The fifth chair was po sitioned at 
the end of the course , two yards beyond obstacle number four in 
lane five .  
The subject assumed a standing position behind a...�d to the 
right of obstacle one with the basketball on the floor in front of 
his feet .  On the command "go , "  he picked up the basketball and 
began dribbling throurh the course , going to the left of obstacle 
two , the right of three , the left of four and the right of five . 
One trial consisted of each subject going through the course two 
times ,  without stopping . The score was recorded to the nearest 
· 1/100 of a second with the use of a digital stop watch . 
• 
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Each subject was allowed one trial with an additional trial 
permitted if control of the basketball was lost . A penalty of one/ 
tenth of a second was assessed for touching a chair . traveling with 
the basketball ,  and/or failing to drib�le the ball on the designated 
side of the chair . (The procedures are presented in Appendix F . )  
Shooting . To measure the ability to shoot long and short 
shots in basketball , and , to a certain extent , ball handling and 
dribbling skills a modified version of the LSU Long and Short Test 
I 
{Johnson and Nelson , 1971) was employed . There was no validity or 
reliability reported . 
The test was administered with each subject starting with a 
basketball behind a restrainin g line (free throw line ) fifteen 
feet from the basket .  On the signal · "go , "  the subject began to 
shoot from behind the . restraining line , rushed in to get his rebound 
and attempted a short shot ( lay-up). After the attempted lay-up , 
the subject dribbled back behind the restraining line and started 
the sequence once again . He continued , alternating long and short 
shots until the whistle blew indicating the end of the thirty second 
trial . Successful long shots were worth two points while made short 
shots were awarded one point . 
· Each subject was allowed one trial with his score being the 
total number of points accumulated during the thirty second period . 
One-half point was subtracted from the final score for every time 
the subject traveled with the basketball ,  while no points were 
awarded a long shot taken in front of the restraining line . 
/ 
CHAPTER IV 
ANALYSI S AND DI SCUSSION OF RESULTS 
The purpo se of thi s s tudy was to investigate the effects 
of participation in competitive basketball on fluid 
·
lo s s  as m easured 
by ·qhange in weight ,  and selected measures of basketqall r e lated 
ski lls . The find·ings presented i� this chapter are organized as 
fo llows : ( 1 )  Organization of the Data for Analysi s , (2 ) Analysis 
of the Data , and ( 3) D is cussion of the Re�ults . 
Organization of the Data 
for Analysi s  
The r e sults from thi s investigation emerged from assessing 
ten male members of the intramural basketball program and eight 
players from the inter co llegiate basketball team at 3o uth Dako ta 
State Univer sity ,  Broo kings , South Dako ta . The fo llowing m easur e s  
were used : ( 1 ) Verti cal Power Jump Te st , (2 )  Dribble Agility Run , 
(J) Shoo ting Test and ( 4) Pre- ·and Po st-treatment weight changes . 
The data colle cted in thi s study were analyzed using four s tatis -
tical pro ced�es . These included measures of central tendency and 
variability to describe the data , the Pearson Prod1.J.ct -Moment 
co efficient of correlation to analyze relative consistency , a 
d ependent t-test to reveal mean differences within gro ups for pre -
and po st-test score s ,  and an independ ent t-test to d etermine mean 
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differences among groups . Raw scores for the subjects are presented 
in Appendix G .  
Using these methods , six variab�es were analyzed , ( 1) 
height , (2 )  weight , (3 ) percent body fat , (4) agility , ( 5 )  power , 
and (6)  shooting . 
Analysis of the Data 
The analysis of the data .is  presented under the fo llowing 
sections:  (1)  Reliability and Reproducibility of Anthropometric 
Data , (2 ) Reliability and Repr�ducibility .of Neuromuscular Data , 
(J )  Mean Changes of Weight and Muscular Measures Following Treatment 
(Day One , Day Two , Mean Values) ,  (4) Absolute and Relative Weight 
Changes , ( 5) Intercorrelation Matrix .of Anthropometric and 
Performance Variables , and ( 6 )  Pre- and Post-test Mean Differences 
Between Weight and Neuromuscular Measures for Trained and Untrained 
Groups . All statistical tests were conducted according to procedures 
outlined by Morehouse and Stull ( 1975) . 
Reliability and Reproducibility of Antrhopometr ic Data . 
The anthropometric data , which included height , weight , and percent 
of body fat , were collected on two separate days . Reliability of 
these anthropometric measurements were evaluated by an analysis of 
the test-retest method employing the Pearson Product-Moment 
coefficient of correlation , and dependent t-test . ( Table II ) 
Analysis of the height and weight test-retest results revealed a 
po sitive correlation coefficient (r = 1 . 00)  while percent body fat 
values had the lowest correlation coefficient (r  = . 95 ) .  
TABLE II 
RELIABILITY AND REPRODUCIBILITY O F  ANTHROPOMETRIC TESTS 
Dal 1 (Pre} Dal 2 (P-.ce} 
Test N x SD x SD X A  SE .6 
Height 18 182 .7  9 . 6 18) . 0  9 . 7 -0 . J 0 . 1  
Weight 18 77 . 9  10 .4 78 . 1  10 .4 -0 .2  0 . 2. 
% Body Fat 18 10 . 2  1 . ) 10 . 0  1 . 4  0 . 2 0 . 1  
a 
Significant at the p � . 05 level. 
t 
2 . 18a 
1 . 00 
1 . 20 
r 
1 . 00 
1 . 00 
. 95 
w 
w 
Reproducibility was analyzed with the use of a dependent 
t-test . It  was observed that the mean differences in the two 
pre-tests of weight and percent body fat revealed non-significant 
( p � . 05) test-retest t-ratios . A significan� t-ratio was 
obtained for height . 
Reliability and Reproducibility of Neuromuscular Data . 
Three tests were administered on separate days prior ·to . and 
immediately fo llowing the treatment phase of the investigation . 
Reliability of the pre- and post-tests was evaluated by the Pearson 
Product-Moment correlation technique . These results are in Table 
III . Test-retest reliability correlation coefficients for the 
pre-test were r = .40 , .66, and .88 for tests of shooting , agility 
and power , respectively . Analysis of the power pre-test revealed 
a high test-retest relationship (r = .88) while the pre-test for 
agility recorded a moderate relationship (r = .66). The lowest 
correlation of the three was discovered in the shooting pre-test 
(r = .40) . 
The correlation coefficient for the power post-test results 
was . 80 .  The reliability of post-test for agility was moderately 
high (r = . 71 )  while the shooting post-test recorded a co efficient 
of . 53 . Both tests recorded increased values when compared to 
their respective pre-tests . Pre- and post-test correlations for 
all tests were relatively close and arranged in the same order . 
The highest correlations for both pre- and post-test results were 
.. 
TABLE . III 
RELIABILITY AND REPRODUCIBILITY FOR TESTS OF NEUROMUSCULAR SKILLS 
Day 1 Dai 2 
X 6  Test N x SD x SD SE A 
Agility c 
Pre 18 22 . 75 1 . 2  21 .49 1 . 0 1 . 26 0 . 21 
Post 18 ' 22 . 65 1 . 1  21 . 50 1 .6 1 . 15 0 . 26 
Power d 
Pre 18 45 . 7  4 .4 46 .7  4 . 0  -1 . 0  0 . 5  
Post 18 45 . 8  . 5 . 5  47 . 0  4 .5 -1 . 2  0 . 8  
I 
Shooting e 
Pre 18 . 10 .2  2 . 0 11 . 2  3 . 3  -1 . 0  0 . 7 
Post 18 9 . 0  2 . 9 8 . 7  3 . 6 0 . 3 0 . 8  
�Significant at the p � • 01 level . 
Significant at the p � . 05 level . 
cseconds 
· 
dcentimeters 
ePoints accumulated in thirty seconds ( pag� JO) . 
t 
5 . 87a 
4 .42� 
2 . 18
b . 
1 . 57 
1 . 39-
0 . 36 
r 
. 66 
. 71 
. 88 
. 80 
.40 
. 53 
\JJ 
\.n 
for the variable of power . Agility ranked second , and shoo ting 
was third . 
J6 
Reproducibility was analyzed with the use of a dependent 
t-test . A significant t-ratio was computed for the pre- and po st­
test values on both days for the agility test . This ratio reflects 
the improvement experienced from day .o ne to day two in mean scores 
for both pre- and post-tests . The mean scores of power a.lso improved 
from day to day for both pre- and post-tests , with a significant 
t-ratio recorded for the pre-tests . The pre- and po st-tests between 
days for shpoting revealed non-significant values . 
Mean Changes of Weight and Neuromuscular Measures Following 
Treatment . The mean and standard deviation for pre- and po st-tests , 
the mean difference , standard error of the difference , t-ratios and 
correlation coefficients of agility ,  power , shooting and weight are 
presented in Tables IV through VI . The data within the tables are 
arranged according to untrained , trained and combined groups while 
being divided according to Day One (Table IV ) , Day Two ( Table- v ) , 
and Mean Values ( Table VI ) . 
Day One . The mean changes in weight and neuromuscular 
measures (agility , power and shooting) from day one are summarized 
in Table IV . The correlation coefficients ranged fr�m very low 
(r = . lJ) to very high (r = 1 . 00) . The coefficients for shooting 
were low (r = . lJ to . JJ ) , indicating that subject ranking within 
groups was unstable . The trained group recorded the lowest ratio 
(r = . lJ ) while the untrained revealed a correlation coefficient of 
TABLE IV 
MEAN CHANGES IN WEIGHT AND NEUROMUSCULAR MEASURES FOLU>WING OOMPETITIVE BASKETBALL (DAY ONE ) 
Pre · Po st 
Test N x SD x. SD X A  SE A t r 
b 
Agility 
Untrained 10 22 . 95 1 .42 22 . 85 1 . 00 0 . 10 0 . 31  0 . 31 . 73 
Trained 8 22 . 50 0 . 81 22 .41 1 . 28 0 . 09 0 .41 0 . 22 .45 
Combined 18 22 .  75 1 . 17 22 .65 1 . 12 0 . 10 0 . 24 O . J8 . 60 
c Power 
Untrained 10 43 . 7  4 .5 43 . 8  6 . l� -0 . 1  L 7  0 . 02 . 54 
Trained 8 48 . 1 3 . 0 48 . 3  3 . 0 -0 . 2  I 0 . 8  0 . 26 . 74 
Combined 18 45 . 7  4 .4 45 . 8  .s . 5  -0 . 1  1 . 0 ' 0 . 11 .66 
d Shoo ting 
Untrained 10 9 . 5  2 . 0 7 . 9  2 . 5 1 :6 0 .9 1 . 78 . 23 
Trained 8 11 . 1  1 . 6 10 .4 3 . 0 0 . 7 1 .2 0 . 65 . lJ 
Combined 18 10 .2  2 . 0  9 . 0 J . O 1 .2 0 . 7 l . 75 . 33 
e Weight 
· 10 . 63a Untrained 10 74 .4 11 . 5  73 . 0  11 . 1  1 .4 0 . 1 1 . 00 
Trained 8 82 . J  ,.- 7 . 2 80 .4  6 . 9 1 . 9 0 . 1 15 . 59 1 . 00 
Combined 18 77 . 9  10 .4  76 ·. 3  10 . 0  1 . 6 0 . 1  14 . 19 1 . 00 
aSignificant at the p S  . 01 level . 
bsecond s .  
caentimeters "-'> 
dpoints accumulated in thirty seconds (page 30) . 
� 
eKilograms . 
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. 23 . Power and agility coefficients were moderate to high , ranging 
from . 54 to .74 and .45 to . 73 ,  respectively . Weight changes 
exhibit�d perfect po sitive coefficients for all three groups 
( r = 1. 00). 
Significant t-ratios were recorded between the means of the 
pre-test and post-test weight change� among all three groups . The 
trained group revealed the highest t-ratio (15.59) while the 
untrained recorded a ratio of 10 .6J. The combined group ' s  t-test 
value of 14.19 was significant ( p � . 01). Shooting . • . agility , and 
power all �evealed non-significant t-ratios . 
The mean values for agility and power by all three  groups 
exhibited improvement from pre- to post-test . The agility score 
of the combined group revealed a lowered mean difference of 0.10 
second while the mean values of power displayed an improvement of 
0 . 1  centimeter . The mean difference in shooting, however , decreased . 
The untrained , trained and combined groups exhibited mean differences 
of 1.6, 0.7 and 1.2 points , respectively . Analysis of the mean 
differences in weight changes for the untrained , trained and 
combined groups revealed a decrement of 1.4, 1.9 and 1.6 kilograms , 
respectively . 
Day Two . The mean changes in agility ,  power , shooting and 
weight from day two are presented in Table V .  The correlation 
coefficients ranged from low (r = . 37) to very high (r = 1. 00). · 
The coefficients for shooting ranged from .37 to .51. The trained 
group recorded a negative correlation coefficient (r = -.50) as 
TABLE V 
MEAN CHANGES IN WEIGHT AND NEUROMUSCULAR MEASURES FOLLOWING COMPETITIVE BASKETBALL (DAY TWO) 
Pre Po st 
Te st N x SD x SD X l;l  SE 6 t r 
Agility c 
Untrained 10 22 . 00 o . 64 22 . 31 1 . 10 -0 . 31  0 . 29 1 . 04 . 56 
Trained 8 20 . 85 0 . 99 20 .49 1 . 55 0 . 36 0 .44 0 . 83 . 59 
Combined 18 21 .49 0 . 98 . 21 . 50 1 . 58 -0 . 01 0 . 26 . ·0 . 01 , 73 
d Power 
Untrained 10 46 . o  4 .4  45 . 7  5 . 1  0 . 3 1 . 5 0 . 17 . 53 
Trained 8 47 , 7  3 .4  48 .6  3 . 1  -0 . 9  ,o .  7 1 . 31 . 84  
Combined 18 46 . 7  4 . 0 47 . 0  4 .5 -0 . 3  0 . 9 0 . 28  . 64  
e Shooting 
Untrained 10 9 . 7  3 . 1 7 . 5 3 . 9 2 . 2. 1 . 1  0 . 17 . 51 
Trained 8 13 . 1  2 . 5 10 . 3  2 . 7  2 . 8  1 . 6  1 . 8� - . 50 
Combined 18 11 .2  3 . 3 8 . 7  3 . 6 2 . 5 0 . 9 2 . 73 . . 37 
f 
Weight 
10 . 13a Untrained 10 74 .2  11 . J 73 . 1  11 . 0  1 . 1  0 . 1  1 . 00 
Trained 8 82 . 9  7 . 1  80 .6 6 . 8  2 . J 0 .2 14 .26
a L OO 
Com.blned 18 78 . 1 10 .4 76 .4- 10 . 0  1 . 7  0 . 2 . 9 . 3&- 1 . 00 
a.Significant at the p � • 01 level . 
bsignificant at the. p � . 05 level . 
cseconds . VJ 
d c en time ters . '° 
epoints accumulated in thirty seconds (page JO) . 
f Ki logram s .  
I 
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compared to a coefficient of . lJ for day one . The correlation 
coefficient for members of the untrained gro up increased in 
compari�on to day one from . 2) to . 51 .  Power and agility co ­
efficients were similar to day one ranging from moderate to high . 
Agility ranged from correlation coefficients of . 56 to . 73 ,  while 
power values ranged from ·a maximum of • 84 to a minimum of • 53 .  
Weight changes exhibited perfect positive coefficients f.or all three 
groups . These results were identical to those from day one . 
Significant t-ratios were recorded between the means of the 
pre- and P.JSt-test weight changes among all three groups . The 
trained group revealed the highest t-ratio ( 14 .26 ) , while the 
untrained recorded a ratio of l0 . 13 .  The combined group ' s t-test 
value of 9 . 38 was significant (p i  . 01) . The results of power and 
agility tests yielded non-significant t-ratios .  Insignificant t-test 
values were recorded between pre- and post-test shooting for the 
trained and untrained groups while a significant (p � . 05 ) value 
was exhibited for the combined group . 
The mean values for agility and power within each group 
displayed differences from the data of day one . The untrained 
group revealed a decrement from pre- to post-test in mean values 
for agility and power . The trained group , however , displayed 
improved values under the same conditions , while the mean values 
of the combined group showed a slight increase in power and a 
decrement in agility . Analyses of the mean differences in weight 
changes for the untrained , trained and combined groups revealed 
a loss of 1 . 1 ,  2 .J ,  and 1 . 7  kilograms , respectively . 
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Mean Changes in Weight and Neuromuscular Measures Following 
Competitive Basketball . The combined mean changes of day one and 
two in weight and neuromuscular measures are presented in Table VI . 
'rte correlation coefficients ranged from low (r = - .24) to very 
high (r  = 1 . 00 ) . The coef�icients for weight exhibited perfect 
posi tive correlation for all three� groups . Power test coefficients 
were moderate to very high , with the trained group recording . 94 ,  
the untrained . 55 and the combined .69. Agility test coeffi cients 
ranged from . 57 to . 82 with the untrained exhibiting the highest . 
The coefficients for untrained , trained and combined shooting test 
results were . 53 ,  - . 24 ,  and .44, respectively . 
Significant t-ratios ( p  � . 05) were recorded between the 
means of pre- and post-test shooting changes for the untrained and 
combined groups . Pre- and po st-test weight changes revealed 
significant ( p  � . 01 )  t-ratios for all three groups . 
The mean values of the untrained group displayed a decrement 
from pre- to po�t-tests in agility and power . The trained and 
combined groups , however , revealed improvement from pre- to post­
tests in agility and power . Analyses of the mean differences in 
weight changes for the untrained , trained and combined groups 
revealed a loss of 1 .2 ,  2 .1 ,  and 1.6 kilograms , respectively . 
Absolute and Relative Weight Changes .  The mean and standard 
deviation for pre- and post-tests , the mean difference , standard 
TABLE VI 
MEAN CHANGES IN WEIGHT AND NEUROMUSCULAR MEASURES FOLLOWING COMPETITIVE BASKETBALL (MEAN VALUES) 
Pre Post -
Test N 
- SD SD X A  SE � t r x x 
Agil1 ty 
c 
Untrained 10 22 . 48 0 . 99 22 . 58 0 . 92 -0 . 10 0 . 18 0 . 55 . 82 
Trained 8 21 . 67 0 . 81 21 . 45 1 . 38 0 . 22 0 .40 0 . 57 . 57 
Combined 18 22 . 12 0 . 98 22 . 08 1 . 25 0 . 04 0 . 20 0 . 22 . 73 
Power d 
Untrained 10 44 . 8  4 . 4  44 . 7  5 .4 0 . 1  1 . 5  0 . 07 . 55 
Trained 8 47 . 9  3 . 0 48 .4  2 . 9 -0 . 5  
' 
o .4 1 .44 . 94 
Combined 18 46 .2  4 . 1  46 .4  4 . 7  -0 .2  0 . 8  0 . 21 . 69 
Shoo tinge 
2 . L�3 
b 
Untrained 10 9 .6 1 . 8  7 . 7 2 . 9 l. 9 0 . 8  . 53 
Trained 8 12 . 1  l . 9 10 . 3  2 .J 1 . 8  1 . 2  l . 56b - . 24 
Combined 18 10 . 7  2 . 2 8 . 9  2 . 9 1 . 8  0 . 7 2 . 85 .44 
f 
Weight 
. 10 . 84a Untrained 10 74 . J  11 .4  73 . 1  11 . 1  1 . 2 0 . 1  1 . 00 
Trained 8 82 . 6  7 . 1  80 . 5  6 . 9 2 . 1 0 . 1  17 . 26 a 1 . 00 
Combined 18 78 . 0  10 .4  76 .4  9 . 9 1 . 6  0 . 1 12 . 11 a 1 . 00 
881gnificant at the p � . 01 level . 
bsignificant at the p < . 05 level . 
0seconds . 
-
dcentimeters . f; 
epoints accumulated in thirty seconds (page 30) . 
fKilograms . 
I 
error of the difference , t-ratios and correlation coefficients of 
absolute and relative weight _changes are presented in Table VII . 
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The retest values among trained and combined groups were found to be 
non-significiant for relative and absolute weight changes . A 
significant difference ( p  � . 01)  was exhibited for bo th relative 
and absolute weight changes between _the means of day one and. day two 
by the untrained group . The mean changes ranged from · 1 . 5  to 2 .  7 
percent , with the trained group recording the largest percentage 
both days , and the untrained group the lowest . 
The. correlation coefficients ranged from . JO to . 75 for 
relative weight changes .  The combined group revealed the highest 
relationship (r • 75) while the trained group exhibited the 
lowest (r  = . JO) . Correlation coefficients for absolute weight 
changes ranged from . BJ to . 50 .  The untrained group revealed the 
highest relationship (r = . BJ ) while the combined group and trained 
groups exhibited coefficients of . 82 and . 50 ,  respectively . 
The mean values for absolute weight changes ranged from 1 . 1  
to 2 . 2 kilograms . The untrained group displayed the lowest weight 
change ( 1 . 1  kilograms) on day two , while the trained group 
exhibited the largest (2 . 2  kilograms) weight change on the same 
day . 
Intercorrelation Matrix of Anthropometric and Performance 
Variables . In  Table VIII are presented the zero-order correlation 
coefficients between anthropometric and performance variables . A 
correlation of  r = 0 .46 or higher is  significant at the . 05 level . 
TABLE VII 
ABSOLUTE AND RELATIVE wEIGHT CHANGES 
Day 1 Dai 2 -
Te st N - SD SD X A SE A t x x r 
Weight Loss b 
Untrained 10 1 . J o .4 1 . 1  O . J 0 . 2 0 . 1  J .42a - . BJ 
Trained 8 1 . 9 0 .4 2 .2 O . J -0 . J 0 . 1  2 . 28 . 50� 
Combined 18 1 . 6 0 . 5 1 . 6 0 . 7 o . o  0 . 1  0 . 12 . 82 
% Dehydration 
J . 27� Untrained 10 1 . 8  O . J 1 . 5 O . J O .J 0 . 1  . 53 
Trained 8 2 . J O . J 2 . 7 0 .4 -0 .4 
I 
0 .2 2 . 35 . 30 I 
Combined 18 2 . 0 0 .4 2 . 0  0 . 7 o . o  o
,
. 5 . 0 . 15 . 75 
asignificant at the p i . 01 level � 
bKilograms . 
i 
TABLE VIII 
INTERCORRELATION MATRIX OF ANTHROPOMETRIC AND PERFORMANCE VARIABLES 
Agilb c Sho
d Wt % Wt 
Wt Wt Agil Pow Pow Sho Lo ss Lo ss Lo ss 
N = 18 (Pre) ( Po st) ( Pre) ( Po st) (Pre)  ( Po st) ( Pre ) ( Post) %BF
e 
Ht ( I ) ( I ) " ( I I ) 
Wt (Post) 1 . 00 
Agil (Pre) -0 . 32 -0 . 31 
Agil (Post) -0 .27 -0 . 26 0 . 73 
Pow (Pre) -0 . 11 -0 . 12 -0 .41 -0 .26 
Pow (Post) -0 . 34 -0 . 36 -0 . 19 -0 . 07 0 . 69 
Shoot ( Pre) 0 . 30 0 . 28 -0 .41 -0 . 50 0 .47 0 . 26 
Shoot (Post) O . JO 0 .28 -0 . 39 -0 . 24 0 . 56 0 . 08 0 .44 
PCBF 0 .44 0 . 50 0 . 37 0 . 19 -0 . 51 -0 .65 -0 . 10 -0 .22 
Ht 0 . 84  0 . 83 -0 . 32 -0 . 16 -0 . 03 -o·. 23 0 . 19 0 . 50 0 . 2'0 
Wt Loss (I ) o . 86 0 . 85 -0 . 37 -0 . 21 0 . 07 -0 . 15 0 .47 0 . 39 0 . 32 0 . 78  
% Lo ss ( I) 0 . 63 0 . 61 -0 .42 -0 . 21 0 .20 0 . 02 0 .52 . 0 .43 0 . 11 0 . 63 0 . 94 
Wt Loss ( II )  o . 66 o . 66 -0 .40 -0 .47 0 . 30 0 . 12 0 . 57 0 . 53 0 . 03 o . 68 0 . 81 0 . 82 
% Lo ss (11 ) o .44 0 . 41 -0 . 39 -0 . 50 o .41 0 . 25 0 . 57 0 . 56 -0 . 13 0 . 51 o_. 67 0 . 75 0 . 96 
acorrelat1on coefficients above .46 are significant at . 05 level . 
bAgili ty . 
CPower . 
dsho o ting . 
e% Body Fat . 
& 
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Significant relationships were observed between measures of weight 
loss (Day Two ) and post-test performance of agility ( - .47)  and 
shooting ( . 53 ) . Percent weight loss data (Day Two ) were signlfic.ant­
ly related to post-test agility ( - . 50 ) . and shooting ( . 56 ) measures . 
Pre- and Post-Test Mean Differences . Pre - and po st-test 
mean differences ,  standard deviation , mean differences between 
grou ps ,  and t-ratios are presented in' Table IX . A significant 
t-ratio (p  ! . 01) was exhibited for the differences between the 
trained and untrained groups for weight loss . 
Discussion of the Results 
Although there is a relatively large body of information 
concerning the nature of dehydration ,· only a limited number of 
researchers have directed their attention to its effects upon the 
sport of basketball . Understanding the effects of dehydration upon 
basketball players is  a basic problem deserving further study . 
The present study was conducted to determine the effects of 
participation in competitive basketball upon weight loss and 
performance on selected measures of basketball related ski lls . 
Within the limitations of this study and from the statistical 
findings it was concluded that competitive basketball significantly 
affects weight loss and shooting proficiency , while having no 
effect on power and agility measures . 
Reliability and Reproducibility of the Data . Bo th anthro -
pometric and performance measures were analyzed using a dependent 
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TABLE IX 
PRE - AND POST-TEST MEAN DIFFERENCES BETWEEN WEIGHT AND NEURO ­
MUSCULAR MEASURES FOR TRAINED AND UNTRAINED GROUPS 
Trained N = 8 Untrained N - = 
Variables - SD SD x x 
Weight Loss ( Kg ) 2 . 1  O . J 1 .2 0 .4 
Shooting b -1 . 8  J . J -1 . 9 2 . 5 
Ag111ty 0 -0 . 2  1 . 1  0 . 1  o . 6 
Powerd 0 . 5  1 . 0  -0 . :J. 4 . 7 
a.significant at the p � . 01 level. 
bPoints accumulated in thirty seconds ( page JO) .  
cseconds . 
dcentimeters . 
10 
X A t 
0 . 9 5. Jla 
0 . 1  0 . 06 
-0 . J . 0 . 80 
0 . 6 .41 
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t-test and a Pearson Product-Moment correlation coefficient to 
assess test-retest reliability and reproducibility. The significant 
t-ratio_ for height must be viewed as measurement error since height 
was recorded beyond accuracy of the instrument _. Pre- and post-test · 
agility and po·:;er had test-retest correlation coefficients ranging 
from . 66 to .88. Pre-test agility, .and post-test agility and pre­
test power all improved significantly from day one to· day two while 
post-test power displayed a non -significant increase. These 
differences can be attributed to interest in better test performance, 
competition, and learning the appropriate procedure. The relatively 
low coefficient associated with both pre- and post-test shooting 
variables may be attributed to a limited range in scores for the 
given variable, in addition to a high degree of within subject 
shooting variation. 
Changing data for relative weight changes were difficult 
to explain. While relative weight changes from day one to day two 
for the untrained group showed a significant decrement,
" decreasing 
from 1.8 to 1 . 5 percent, the trained group displayed a noticeable 
increase, although non-significant. For the untrained group 
these relative mean changes may be related to the initial level of 
fitness, the intensity of the activity, and the apprehension to 
the physical demands of that activity prior to the second testing 
session. 
Weight Changes. Analyses of the mean weieht changes 
exhibited perfect positive correlations and significant t-ratios for 
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untrained , train ed , and combined groups . This find ing of a signifi­
cant weight de crement as a result of participation in thi�ty-six 
minutes of competitive basketball may .have future implications for 
basketball player s  and coaches . It is · · po s sible that in the future 
individuals may desire to seek ways to maintain to tal body weight 
during a compe titive basketball contest . The percent weight lo ss 
achieved through a work bout of thirty -six minutes i s · in_ agreemen t 
with the find ings . of O ls son and Saltin . ( 1971) They repor ted that 
a work bout o f  sixty minutes at twenty degrees Centigrade resulted 
in a weigh� lo s s  between 1 . 6 - 2 .4 percent . The pre sent s tudy 
reported a two percent weight lo ss for a work bou t  of thirty -six 
minutes .  
The trained group experienced a significantly (p � . 01 )  
greater amoun t o f  weight lo ss (2 . 1  kg) when compared to the 
untrained group ( 1 . 2 kg) . This is in agreement with Ko zlowski 
and Saltin ( 1964) who reported that physical training can increase 
the sweating rate . The d ifference in percent body fat i s  also in 
agreement with previous studies . Cook et al . ( 1969)  reported that 
athletes were leaner than non -athletes , a finding that the present 
investigation supports . In the present study athletes had a mean 
percent body fat of 9 . 6 percent while non -athletes recorded a mean 
of 10 . 5 percent . 
Agility and Power Variables . Analyse s of the mean d ifferences 
between pre - and po st-test values for agility and power . failed to 
reveal significan t  t-ratio s . The find ings of the · presen t 
.so 
investigator indicated that participation in competitive basketball 
resulting in weight los's of two percent does not significantly 
impair power and agility . These resu�ts are in agreement with 
previous studies .  (Tuttle , 1943 ; Saltin , 1964a; Singer and Weise , 
1968 ;  Morgan , 1970 ) 
Shooting Variable . The findings concerning the mean 
differences in shooting for the untrained and combined groups 
revealed a significant difference petween pre- and po st-treatment 
results . The trained group also exhibited a decrement in per­
formance from pre - to po st-test shooting , although it  was non­
significant . These results are not in agreement with previous 
studies . ( Tuttle , 1943 ; Saltin , 1964a : Singer and Weise , 1968 ; 
Morgan , 1970)  The consenses of these investigations concluded that 
weight loss of five to seven percent does not substantially impair 
strength , accuracy of movement or steadiness of_ movement . 
One possible reason for the difference in results of these 
studies and the present investigation was that the shooting test 
employed the coordination of both large muscle and small muscle 
groups .  This coordination between the two muscle groups may b e  the 
difference Costill ( 1972 ) was referring to when he stated that the 
effects of d ehydration may be specific to a given sports skill . 
Dehydration Adjustment .  The trained group r evealed an 
increased ability to adjust to dehydration caused by participation 
in competitive basketball . These results agreed with the findings 
of previous investigations .  ( Saltin , 1964a; Buskirk , 1958) In 
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the present study the trained group displayed improved mean scores 
from pre- to post-tests of agility and power while the untrained 
group showed a decrement in each . In �hooting the untrained group 
experienced a significant difference between pre - and post-treatment 
scores , while the trained group recorded a non-significant value . 
Hypotheses . The first hypoth�sis , which stated that there 
would be no significant change in weight through fluid loss as a 
result of participation in competitive basketball was rejected . 
It  was concluded that there is a significant weight change because 
of partici�ation in competitive basketball . The second hypothesis , 
which stated that there would be no significant difference between 
pre- and po st-test mean performance scores ,  was rej ected . �t  was 
concluded that shooting is significantly inversely affected by 
participation in competitive basketball that results in weight 
loss of two, percent . 
CHAPTER V 
. . 
SUMMARY , CONCLUSIONS ,  AND RECOMMENDATIONS 
Summary 
The purpo se of this investiga.tion was to determine the 
influence of competitive basketball on fluid loss as measured by· 
change in weight , · and selected measures of basketball playing 
ability . 
Ten intramural participants (untrained ) and eleven inter­
collegiate players (trained ) from South Dakota State Universi ty 
volunteered to participate in the present study . Three trained 
subjects were eliminated from the investigation because they were 
unable to participate in all sessions . This reduced the num oor of 
trained group members to eight , and the combined total of  subj ects 
to eighteen . The anthropometric data collected were height , weight , 
and percent body fat . Subjects were assigned to either an intra-
mural or intercollegiate basketball team . The four teams consisted 
of five players each . 
The replicated pre-treatment and post-treatment measurements 
consisted of the following measures : ( 1) vertical power jump 
test , (2)  dribble agility run , (J ) shooting test ,  and (4)  weight .  
Tests were administered on February 5 , and 8 ,  1979 , prior to and 
immediately following a thirty-six minute work bout . 
The work bout consis ted of three twelve minute baske tball 
scrimmages . These thr ee twe lve minute session s allowed the four 
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· teams to play each team once per session . The game -like s crimmage s  
were played on a regulation s i z e  basketball court and administered 
by a certified o ffi cial . Players were required to play man to man 
d efense and were denied water during . compe ti tion . 
The statistical analy ses used to de termine signlficance o f  
the changes asso ciated with par ticipation i n  compe titive basketball 
in cluded the Pear son Product-Moment correlation co effi cient , a 
d ependent t_-test , and an independent t-test . Stati stical tests were 
conducted at ei ther the . 01 or . 05 level . Mean scores of pre - and 
po st-treatment weight measures were significantly d ifferen t fo r 
untrained , trained and combined groups . Mean differences for weight 
lo ss betwe en trained and untrained group members were also 
significan t .  Pre - and po st-treatment shoo ting scor es for the 
untrained and combined groups exhibited significant d iffer en ce s . 
Conclusions 
Within the limitations of this study , the fo llowing con -
c lusions were drawn � 
1 .  Significant weight reduction can be achieved thro ugh 
parti cipation in competitive basketball . 
2 .  There is no significant re lationship between a weight-
lo ss of two percent and performance on selec ted te sts o f  power . 
....... 
J . There i s  no signifi cant relationship between a weight-
loss of two percent and performance on selected tests of agility . 
4 .  A signifi cant decrement in . shoo ting pro ficiency was 
observed fo llowing participation in three twelve minute period s  
of competitive basketball . 
Recommendation s  
-
In con sideration of the finding� of th is study the following 
recommendations are mad e : 
1 .  The findings within this study . revealed low test-retest 
correlation coefficients for bo th pre - and po st-tes t  shoo ting 
variables ,  an indication of po ssible high within subj ect shoo ting 
variation . Values . for power and agility d isplayed significant 
improvement from day one to day two , a result of po s sible learning . 
Weight lo sses also displayed changes from day to day . The untrained 
group lo st significantly less weight on day two as compared to day 
one while the trained group experienced a no ti ceable increase in 
weight loss for that same time period . Therefore , in an attempt to 
clarify these f indings it is recommended that a similar s tudy be 
conducted using a greater number of sessions . 
2 .  Prior to this study research relative to the effects 
of fluid lo sses incurred through participation in compe ti tive 
basketball was lacking . Consequently , this investigation was under-
taken and from the findings , conclusions were made that a significant 
reduction in weight and shoo ting proficiency resulted from 
participation in competitive basketball . Fluid ingestion during 
periods of competitive basketball may reduce the amount of to tal 
body weight lo ss . Therefore , it is re.commended that a similar 
s tudy be conduc ted investigating the relationship between the 
replenishment of fluid lo sses and its influence upon shoo ting 
proficiency . 
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APPENDIX A 
CONSENT FOR PARTICIPATION IN A RESEARCH PROJECT 
I ,  --�-(-N-am�e--o-f�V-o_l_un __ t-ee_r_) ____ _ 
, state that I am at least eighteen 
years of age and wish to participate in a program of research being 
conducted by Gary Esboldt .  
· 
The purpose of the research is to investigate the effects of basket­
ball induced dehydration upon selepted measures of J?OWer , ability , 
and shooting . 
The project involves two afterr.')on sessions on February 5 and a , ·  1979 . 
During these sessions data will be collected prior to and immediately 
following the work bout . The experimental procedures involve the 
collection of anthropometrical data ( height , weight , and skinfolds) 
and the recording of results in selected tests measuring power , 
agility , and shooting . 
I . acknowledge that I have been informed that I may obtain information 
about my percent body fat upon request . In addition , I understand 
that upon request I will be informed of how my test results compare 
to the groups ' results . 
I acknowledge that Gary Esboldt has fully explained to me the 
procedures and po ssible risks ; has informed me that I may withdraw 
at any time ; and has offered to answer any questions I may have 
concerning the pro.cedures to be followed . I freely and voluntarily 
consent to participate in this research project . 
(Signature of staff member) 
(Date) 
(Signature of Volunteer) 
APPENDIX B 
MEASUREMENT OF WEIGHT 
THE SUBJECT SHO ULD BE INSTRUCTED 'ID :  
1 .  Remove all clo.thing except gym shorts . 
2 . Towel dry himself , if necessary . 
THE ASSI STANT SHOULD INSTRUCT THE -SUBJECT ACCORDING 'lU THE ABOVE 
GUIDELINES AND THEN BE SURE THAT: 
1 .  The weight i s  recorded to the nearest half polind . 
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2 . The subject steps off scale and measurement i s  r e -taken . 
TWO MEASUREMENTS ARE 'ID BE TAKEN AND RECORDED . IF THE DIFFERENCE . 
BETWEEN THE TWO I S  GREATER THAN HALF .A POUND A THIRD MEASUREMENT 
SHO ULD BE TAKEN . 
APPElIDIX C 
MEASUREMENT OF HEIGHT 
THE SUBJECT SHOULD BE I NS TRUCTED TO :  
1 .  Remove his sho e s . 
2. Stand with his back against the stadiome ter . 
J . Tuck his chin in slightly and to hold hi s head erect . 
4 .  Bend his knees slightly when stepping away so as no t 
to d isturb the angle before height i s  recorded . 
THE ASSI STANT SHOULD INSTRUCT THE · SUBJECT ACCORDING 'It) . THE ABO VE 
GUIDELINES AND THEN BE SURE THAT: 
1 .  
2.  
J . 
4 .  
5 . 
The upper arm of the stadiometer is pre ssed firmly onto 
the subject ' s  head . 
The upper arm of the stadiome ter is horizontal and no t 
tilted . 
The pressure doe s  not cause subject to s lump or alter 
his po sition . 
· 
The height i s  recorded to the nearest half centime ter . 
The stadiometer is re -set and measurement i s  re-taken . 
TWO MEASUREMENTS ARE 'IO BE TAKEN AND RECORDED . IF THE DIFFERENCE 
BETWEEN THE TWO I S GREATER THAN A CENTIMETER A THIRD MEASUREMENT 
SHOULD BE TAKEN .  
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APPENDIX D 
MEASUREMENT OF BODY DENSITY THROUGH SKINFOLDS 
THE SUBJECT SHOULD BE INSTRUCTED 'IO :  
1 .  Stand for the measurements . 
THE A SSI STANT SHOULD INSTRUCT THE SUBJECT ACCORDING TO THE ABOVE 
GUIDELINE AND THEN BE SURE THAT1 
1 .  Skinfolds are measured on the right side o f  the body . 
6J 
2 .  Skinfolds are grasped between the thumb and the forefinger . 
J . Calipers are applied approximately one centimeter below 
the fingers holding the skinfold . 
4 .  Each fo ld i s  taken in the vertical plane while subject 
is standing . (Except for 'the subscapular . ) 
5. The technique is recorded and repeated two more times 
a.t each site . 
6 .  Three measurements are taken and recorded from the 
following sites:  
a) Subscapulaz Oblique fold at the inferior angle . 
b) Triceps : Vertical fold at the posterior midline of 
the arm halfway between the acromion and olecranon 
processes with the arm hanging freely at the side . 
c) Abdomen : Vertical fold one inch to the right of 
the umbilicus . 
THREE MEASUREMENTS ARE TO BE TAKEN AND RECORDED AT EACH SI TE .  THE 
SITES ARE AS FOLLOWS 1 SUBSCAPULA , 'lRICEPS , AND ABDOMEN . 
APPENDIX E 
MEASUREMENT OF' rowER 
THE SUBJECT SHOULD BE INSTRUCTED 'IO :  
1 .  Jump without his shoes on . 
2 .  Assume a standi_ng po sition, facing sideway s  _ to wall . 
J . Stand as tall as po ssible wi th heels on f loor and 
stretch to have reach height recorded acco rding to 
extended middle finger . 
4 c  Raise dominant arm vertically with hand turned outward 
· and fingers extended . 
5 . Grasp top o f  gym shorts with o ther _ arm behind his back . 
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6 .  Crouch to desired po sition
_ 
and jump as high as po ssible . 
a) Jump without use of arms for lift . 
· b) J ump without use of stepping into jump . 
7 c Touch board at to p of his jump . 
THE A SSI STANT SHO ULD I N STRUCT THE SUBJECT ACCORDING 'IO THE ABOVE 
GUIDELINES AND THEN BE SURE THAT: 
l .  The reach height is measured and recorded with subject ' s  
heels on the floor . 
2 .  The arms are not used for upward thrus t  during jump . 
J . The subject do es no t use steps to incr ease thrust . 
4 .  · The recording is done to the nearest half centimeter . 
THREE TRIALS ARE TO BE RECORDED . 
APPENDIX F 
MEASUREMENT FOR AGILITY 
THE SUBJECT SHOULD BE INSTRUCTED 'ID :  
1 .  Place the basketball on the floor between . his feet .  
2 .  Stand upright with his arms at his side . 
3 . React to the verbal signal " go" by dribbling .through 
the course and returning in a similar figure 8 pattern . 
4 .  No t touch any chair o r  a penalty i s  asse ssed . 
5 .  ·Run as hard as po ssible acro ss the fini sh line . 
THE ASSI STANT SHOULD INSTRUCT Th� SUBJECT ACCORDING 'lV T"rlE ABOVE 
GUIDELINES AND THEN BE SURE THAT: 
1 .  The subject starts with the basketball o n  the floor 
between his feet . 
2 .  The subj ect starts with his body in an upright po si tion . 
J . One/tenth o f  a second i s  assessed for every chair touched . 
4 .  Ano ther trial i s  permi tted if the subj ect lo se s contro l 
of the basketball .  This trial i s  run immediately i f  
he i s  less than half way through the course when the 
ball is lo st . If the · subject i s  over half way through 
the course he may be permitted to rest for two minutes . 
ONE TRIAL I S  'ro BE RECORDED . 
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APPENDIX G 
RAW DATA 
Body Weight ( Kg) Agility ( Sec)  
Height Fat Day ' l Day 2 Day 1 
No . Age ( cm )  % Pre Post Pre Post Pre Po st - ,  
001 19 . 8  179 . 5  09 . 5  070 . 8  069 . 6 070 . 8  069 . 7  21 . 73 22 . 6 8  
002 19 . 8  184 . 5  10 . 8  078 . 5  076 . 9  079 . 0  077 . 9  22 . 37 22 . 09 
003 19 . 6  177 . 5  11 . 0  078 . 9  077 . 3  078 . 5  077 . 4  21 . 85 21 . 73 
004 19 . 9  174 . 5  09 . 1  0617 . 5  063 . 5  064 . 5  064 . 0  24 . 03 23 . 23 
005 20 . 3 176 . 5  11 . 6  075 . 8  074 . 1  074 . 6  p73 . 1  22 . 52 22 . 37 
006 20 . 2  166 . 5  09 . 4  067 .6  066 . 5  068 . 9  067 . 3  22 . 90 23 . 29 
007 18 . 5  170 . 0  10 . 2  056 . 7  055 . 8 056 . 3  055 . 5  24 . 67 . · 25 . 15 
008 18 . 9  191 . 0  09 . 0  077 . 3 076 . 0  078 . 0  076 . 7  21 . 10 21 . 75 
009 18. 7 175 . 0  10 ·. 7  07) . J  072 . 4 073 . 0  072 . 0  25 . 58 23 . 15 
010 18 . 9  193 . 0  13 . 7  100 . 2  098 . 1  099 . 1  097 , 4  22 . 73 23 . 09 
011 i9 . 7  196 . 8  09 . 9  092 . 5  089 . 1 . 
. 0 12 18 . 7  177 . 5  0 8 . 9 069 . 4  067 . 8  070 . 5  068 . 3  23 . 04 21 . 20 
OlJ 18 . 5  181 . 0  08 . 1  078 . 9  077 . 3  079 . 2  077 . 6  21 . 22 21 . 07 
014 18 . 8  179 . 0  10 . 2  079 . 8  078 . 1  079 .4  077 . 1  23 . 06 22 . 65 
01.5 19 . 1  197 . 0  12 . 0  098 . 0  095 . 9  23 . 56 23 . 16 
016 18 . 5  198 . 0  09 . 4  084 . 6  082 . 6  085 . 5  082 . 8  22 . 66 22 . 37 
017 21 . 0  195 .6  11 . 6  093 . 0  090 . 5  093 . 0  090 . 5  22 . 94 22 . 75 
018 19 . 1  187 . o  08 . 8  081 . 7  079 . 6  22 . 20 22 . 36 
0 19 19 . 0  190 . 0  09 . 0  084 .. 4 082 . 1  085 . 1 . 083 . 0 22 . 06 24 . J S  
020 20 . J  199 . 5  10 . J  089 . 1  087 . 1 090 . 0  086 . 9 2) . 47 2J . 84  
021 19 . 9  18J . O  09 . 4  079 . 2  077 . 6  080 . J  078 . J  21 . 51 20 . 98 
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APPENDIX G --Continued 
Agility ( sec ) Power ( cm ) 
,, 
Shoo ting 
Day 2 Day 1 Day 2 Day 1 Day 2 
Pre,,,. Po st Pre Po st Pre Po st Pre Po st Pre Po st 
21 .44 21 . 01 44 . 7  47 . 3  50 . 6 51 . 3  11 10 13 09 
21 . 84  22 . 04 40 .7  29 . 7  42 . 3  38 . 6  09 11 13 13 
21 . 57 21 . 66 49 . 0  48 . 0  50 . 6  - 48 . 3  12 11 13 08 
22 . 08 24 . 66 36 . 0  46 . 7 39 . 6  51 . 6  09 05 06 . 02 
22 . 13 22 . 23 42 . 7  41 . 7  L· .� . 6  46 . 7  . 06 06 13 06 
22 . 08 21 . 58 45 . 6  45 . 6  44 . 0  44 . 7  12 05 0 8  02 
23 . 36 23 . 69 44 . 0  44. 7 46 .6 47 .. 0 09 10 06 05 
21 . 02 21 . 97 46 . 7  44 . 3  50 . 0  46 . 3  09 09 10 13 
22 . 59 22 . 60 46 . 3  50 . 3 49 . 0  46 . 3  11 06 07 10 
21 . 96 21 . 57 37 .3  36 . 3  38 . 6  35 . 3  07 06 08 07 
21 . 57 20 . 47 54 . 0  50 . 7  11 11 
20 . 08 19 . 56 50 . 7  50 . 0  50 . 3  51 . 0  11 •J 12 i3 09 
20 .60 19 .45 49 . J  46 . 0  44.6  48 . 0  09 09 13 06 
21 . 78 20 . JO 46 . o  48 . 0  47 . 0  46 . 0  14 15 16 09 
45 . 0  46 . 0 10 07 
20 . 91 20 .24 46 . 0 44 . 7  47 . 0  48 . J  10 11 10 13 
21 . 86  21 . 40 45 . 7  4.5 . 3  4J . 6  45 . 3  13 06 17 08  
41 . 0  41 . 0  10 10 
20 . 89 23 . 51 53 . 3  53 . 0 54 . 3 53 . 3  10 lJ lJ 14 
2 1 . 72 21 . 06 44 . 7  47 . 7  46 . J 45 . 0  11 10 10 11 
18 . 98 18 . 36 48 . 7  51 . J 48 . 6  51 . 6  11 07 13 12 
